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SEMICONDUCTOR DEVICE USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a coating liquid used for forming silica-based coating films, good in thick 
coating film formability. and enabling to produce the silica- based coating films not generating cracks, to provide 
the silica coating film, and to provide a semiconductor device having the silica-based coating film as an interlayer 
insulating film. 

SOLUTION: This coating film liquid for forming silica-based coating films contains a siloxane oligomer obtained by 
hydrolyzing and polycondensing (A) a trialkoxysilane of the formula: HSi(0R)3 (R groups are each a 1-4C alkyi 
group; the three R groups are the same or different from each other) and a hexaalkoxydisilane of the formula: 
(R0)3Si-Si(0R)3 (R groups are each a 1-40 alkyl; the six R groups are the same or different from each other) in 
the presence of water and a catalyst in a solvent. The silica-based coating film is obtained by coating the coating 
liquid on the surface of a substrate, drying the coated coating at 50-200** C and subsequently baking the dried 
coating film at 300-500" 0. The semiconductor device is obtained by using the silica-based coating film as an 
interlayer insulating film. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] (A) General formula (I) 
[Formula 1] 

HSiCOR)a (I) 

It is the trialkoxysilane and the (B) general formula (II) which are expressed with (however. R 
showing the alkyi group of carbon numbers 1-4 among a formula, and differing even if three R is 
the same). 
[Formula 2] 

CROaSi-siCOR)^ cn) 

It is coating liquid for silica system coat formation which contains in a solvent the hexa alkoxy 
disilane expressed with (however. R showing the alkyI group of carbon numbers 1-4 among a 
formula, and differing even if six R is the same), and contains hydrolysis and the siloxane 
oligomer by which condensation polymerization may have been carried out under existence of 
water and a catalyst. 

[Claim 2] The silica system coat which dries at 50-200 degrees C after applying on a base front 
face, and subsequently comes to calcinate coating liquid according to claim 1 at 300-500 
degrees C. 

[Claim 3] The semiconductor device which used the silica system coat according to claim 3 as 
the interlayer insulation film. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor device which used the 

coating liquid for silica system coat formation, a silica system coat, and it. 

[0002] 

[Description of the Prior Art] Conventionally, as the approach of the layer insulation of 
semiconductor devices, such as IC and LSI. hydrolysis and the condensate of a silanol 
compound are calcinated, and the approach of forming a silica system coat is used well. 
Although most methods of using 4 organic-functions silane compounds, such as a tetra-ethoxy 
silane. are learned especially, since the contraction stress generated in case it calcinates and a 
silica system coat is formed is large, if thickness becomes thick, while saying that a crack 
occurs, there is a title by the approach only using 4 organic-functions silane compound. 
[0003] On the other hand, although the method (JP.4-341 705.A, JP,5-105486,A) of forming the 
silica system coat using hydronalium polysilazane is also proposed, there are problems, like the 
special equipment which can carry out water addition in forming the perfect silica film at the 
time of hardening is required. 
[0004] 

[Problem(s) to be Solved by the Invention] Invention according to claim 1 removes the fault of 
said conventional technique, and its thick-film membrane formation nature is good, and it offers 
the coating liquid for silica system coat formation which can manufacture a silica system coat 
without generating of a crack. Invention according to claim 2 has good thick-film membrane 
formation nature, and a silica system coat without generating of a crack is offered. Invention 
according to claim 3 has good thick-film membrane formation nature, and offers the 
semiconductor device which has a silica system coat without generating of a crack as an 
interlayer insulation film. 
[0005] 

[Means for Solving the Problem] This invention is the (A) general formula (I). 
[Formula 3] 

HSiCOR)^ (I) 

It is the trialkoxysilane and the (B) general formula (II) which are expressed with (however, R 
showing the alky! group of carbon numbers 1-4 among a formula, and differing even if three R is 
the same). 
[Formula 4] 

CROaS i - S i (OR)3 cn) 
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It is related with the coating liquid for silica system coat formation which contains in a solvent 
the hexa alkoxy disilane expressed with (however, R showing the alkyi group of carbon numbers 
1-4 among a formula, and differing even if six R is the same), and contains hydrolysis and the 
siloxane oligomer by which condensation polymerization may have been carried out under 
existence of water and a catalyst. 

[0006] This invention dries this coating liquid for silica system coat formation at 50-200 
degrees C after applying on a base front face, and relates to the silica system coat which it 
subsequently comes to calcinate at 300-500 degrees C again. This invention relates to the 
semiconductor device which used this silica system coat as the interlayer insulation film again. 
[0007] 

[The mode of implementation of invention] Thoria RUKOKISHINRAN expressed with the general 
formula (I) used for this invention is specifically [Formula 5], 

HSifOCHa)3 
HSifOC2Ha)3 
HSiiO-n-C3H7)3 > 
HS i iO--iso-C3HT)3 > 
HSitO-n-C^HQ)^ . 
HSitO-lso-C^HoJs 

There is 

[0008] Moreover, the ethyl trialkoxysilane expressed with the general formula (II) used for this 
invention is specifically [Formula 6], 



CHaGOaS i - S i (OCHaOs, 
tHsC20)3S i - S i (OC2H5)3 
t n-C3H-7-0)3S i - S i (O- n-C3H7)3^ 
tiso-C3H7-0)3S i - S i CO-Iso-CsHt) 
tn-C4H9-0)3S i - S i (O- n-C^U^)^^ 
(iso-C^He-OJsS i - S i (0-iso-C4HQ) 



There is ****. 

[0009] These mixing ratios have the desirable range of 0.2-2.0 mols of hexa alkoxy disilanes to 
one mol of trialkoxysilane. 

[0010] Moreover, moreover the basic catalyst of the acid catalyst of a phosphoric acid, a nitric 
acid, a sulfuric acid, a maleic acid, a fumaric acid, a formic acid, an acetic acid, etc. or ammonia 
is specifically mentioned, these additions have the range desirable [ any of an acid catalyst and 
basic **** are sufficient, and ] as a catalyst used for hydrolysis and a condensation 
polymerization reaction, of 0.1-0.001 mols to the total amount of one mol of trialkoxysilane and 
a hexa alkoxy disilane. It is desirable that it is the range of 0.1-10 mols to the total amount of 
one mol of trialkoxysilane and a hexa alkoxy disilane as an amount of the water to add. and it is 
especially desirable that it is the range which is 0.5-1.5 mols. 

[0011] As a solvent used for this invention, alcohol, a ketone, glycol ether, and acetic-acid 
YUSUTERU are mentioned, and you may use combining one sort or two sorts or more. 
[0012] Next, in order to form an oxide coat using the coating liquid obtained by doing in this way. 
after applying this coating liquid to **** h, such as GA ** SU, ceramics, a silicon wafer, and a 
silicon wafer with which the circuit was formed, by approaches, such as the dipping method and 
the revolution applying method, it dries at 100-150 degrees C more preferably, and, 
subsequently 50-200 degrees C is preferably calcinated at 300-500 degrees C. By such 
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approach, the membrane formation nature of the silica system coat formed using the coating 
liquid for this invention silica system coat formation is also good, and, moreover, a dielectric 
constant also becomes low. A semiconductor device can be obtained by making this silica 
system coat into the vyiring layer mesenteriolum (insulating interlayer film). 
[0013] <BR> [Example] Hereafter, an example explains this invention in detail. 
Example 1 trimethoxysilarie [HSi (OCH3)3] After dissolving 50g and 3]50g (0CH3) of 
hexamethoxy disilane [(CH30) 3 Si-Si in ISOPIRO pill alcoholic 400g and dropping the mixed 
liquor of 63g of water, and I.Og of nitric acids at this in 1 hour, it was made to react under a 
room temperature further for 24 hours, and the coating liquid for silica film formation was 
adjusted. After applying this reactant solution on a silicon wafer by 2000rpm using a spinner, 
when it dried for 1 minute on the hot plate controlled by 150 degrees C and subsequently 
calcinated among atmospheric air at 450 degrees C with the electric furnace for 1 hour, it was 
transparent and colorless and the coat without a crack was obtained. It was 0.4 micrometers 
when the thickness of this coat was measured. Furthermore, when said coating liquid was 
formed on the conditions same on the silicon wafer with which aluminum wiring with 0.6 
micrometers [ in thickness ] and a line & tooth-space width efface of 0.5-5.0 micrometers was 
formed as the above, the oxide coat without a crack was obtained, next, the wafer in which this 
oxide coat was formed -- the barrel-type oxygen plasma — ashing — generating of a crack was 
not accepted when it processed with oxygen gas for 20 minutes by 400W using equipment 
(PR-501made from Yamato science A mold). 

[0014] Example of comparison 1Si4 (OCH3) 50g, CH3Si3 (0CH3) 50g and (CHS) 2Si2 (OCH3) 
After dissolving 40g in isopropyl alcohol 400g and dropping the mixed liquor of 63g of water, and 
I.Og of nitric acids at this in 1 hour, it was made to react under a room temperature further for 
24 hours, and the coating liquid for silica film formation was adjusted. After applying this 
reactant solution on a silicon wafer by 2000rpm using a spinner, when it dried for 1 minute on 
the hot plate controlled by 150 degrees C and subsequently calcinated among Daian at 450 
degrees C with the electric furnace for 1 hour, it was transparent and colorless and the coat 
without a crack was obtained. Furthermore, when said coating liquid was formed on the 
conditions same on the silicon wafer with which aluminum wiring with a thickness of 0.6 
micrometer and a line & tooth-space width of face of 0.5-5.0 micrometers was formed as the 
above, the oxide coat without a crack was obtained, next, the wafer in which this oxide coat was 
formed — the barrel-type oxygen plasma — ashing — when it processed with oxygen gas for 
20 minutes by 400W using equipment (PR-501made from Yamato science A mold), much crack 
initiation was accepted into the film. 
[0015] 

[Effect of the Invention] The coating liquid for silica coat formation in claim 1 is excellent in 
thick-film membrane formation nature, and even if it carries out oxygen plasma treatment, it 
can form an oxide coat (silica coat) without generating of a crack. Even if a thick film is possible 
for the silica coat in claim 2 and it carries out oxygen plasma treatment, it does not have 
generating of a crack. A thick film is possible, and even if the interlayer insulation film of the 
semiconductor device in claim 3 carries out oxygen plasma treatment, it does not have 
generating of a crack, and it is [ therefore ] reliable as a semiconductor device. 



[Translation done.] 
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